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© Suture needle and method of and apparatus for grinding material for suture needle. 

© There are disclosed a method of and apparatus for grinding an elongated material (100) for a suture 
needle. An elongated grinding tape (10) is reciprocally moved in its longitudinal direction, and 
simultaneously the material is pressed against the grinding tape in such a manner that the material is 
disposed substantially perpendicular to the longitudinal direction of the grinding tape and is inclined 
relative to one face of the grinding tape, thereby grinding the material to form a cutting edge (202) on at 
least one side edge of a grounded surface of the material. The grinding apparatus includes a 
mechanism (30) for reciprocally moving the grinding tape in opposite directions along the longitudinal 
direction of the grinding tape, a mechanism (20) for transferring the grinding tape in a predetermined 
one of the opposite directions along the longitudinal direction of the grinding tape, a tape support 
member (13), and a mechanism (50) for supporting the material and for pressing the material against 
that portion of the grinding tape positioned at a support surface of the tape support member. A suture 
needle (200) includes at least one ground surface, and a pair of cutting edges (202) formed respectively 
on opposite side edges of the ground surface. The ground surface has grinding traces (204) which 
extend perpendicular to an axis of the suture needle, and the pair of cutting edges are in generally the 
same condition from a microscopic point of view. 
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SUTURE NEEDLE AND METHOD OF AND APPARATUS FOR GRINDING MATERIAL FOR SUTURE 

NEEDLE 



BACKGROUND OF THE INVENTION 

This invention relates to a suture (surgical) nee- 
dle and a method of and apparatus for grinding a nee- 
dle material to form a suture needle having a cutting 5 
edge. 

A general method of producing a suture needle 
having a cutting edge will now be briefly described. 

First a wire is cut into a predetermined length to 
provide an elongated needle material. Then, a mount- 1 o 
ing hole to which a gut is to be attached is formed in 
one end portion of the needle material. Then, the nee- 
dle material is pressed into a required cross-sectional 
shape. Then, the needle materia! is ground to form a 
cutting edge. Then, the needle material is bent into a 15 
required shape. Then, the needle material is subjec- 
ted to a heat treatment, and then is subjected to chem- 
ical polishing and/or electropolishing. Finally, a 
silicone coating is optionally applied to the needle 
thus produced. 20 

Japanese Patent Publication No. 35383/88 dis- 
closes one method of grinding a needle material. This 
method will now be described in detail with reference 
to Fig. 14. In this method, there are used a whetstone 
90 with a cylindrical peripheral surface and a chucking 25 
jig 91. A needle material 100 having a mounting hole 
formed in its one end portion is chucked or held by the 
chucking jig 91, and is pressed against the peripheral 
surface of the whetstone 90 in such a manner that the 
needle material 1 00 is oriented perpendicular to an 30 
axis 90a of rotation of the whetstone 90. The needle 
material 100 is ground by the rotation of the whetstone 
90, and as a result a cutting edge is formed at one or 
each of lateral edges of the ground surface of the nee- 
dle material, and at the same time the end of the nee- 35 
die material remote from the one end portion thereof 
chucked by the chucking jig 91 is pointed. 

This method has the following disadvantages (1) 
to (4) : 

(1) The grinding direction (that is, the direction of 40 
movement of abrasive grains bonded to the peripheral 
surface of the whetstone) is generally parallel to the 
longitudinal direction of the needle material, and 
hence is substantially parallel to the cutting edge pro- 
duced by the grinding. Therefore, burrs formed on the 45 
cutting edge are considerably large. When these 
burrs are to be removed by electropolishing or chem- 
ical polishing, it is difficult to determine a proper time 
for such polishing treatment. More specifically, if the 
treatment time is too short, the burrs fails to be so 
removed to a satisfactory level, and in contrast if the 
treatment time is too long, the cutting edge becomes 
rounded. In either case, the piercing properties of the 
resultant suture needle are adversely affected. 



(2) The direction of rotation of the whetstone 90 
during the grinding is so determined that the abrasive 
grains bonded to the peripheral surface of the whet- 
stone 90 move in a direction away from the chucked 
end of the needle material 100 toward the pointed end 
thereof. The reason for this is to prevent the pointed 
end of the needle material 100 from interfering with 
the peripheral surface of the whetstone 90. However, 
with this rotation direction, the heat produced by the 
grinding concentrates on the pointed end of the nee- 
dle material 100, having a small heat capacity, to sof- 
ten the pointed end of the needle material 1 00, so that 
the piercing properties and strength of the resultant 
suture needle are adversely affected. 

(3) The condition of the peripheral surface of the 
whetstone 90 is changed little by little in the course of 
a long-period use, and as a result the condition of the 
cutting edge obtained by the grinding is changed little 
by little from one needle material to another. 

(4) As shown in Fig. 14, when the needle material 
100 is pressed against the peripheral surface of the 
whetstone 90, the chucking jig 91 must be held apart 
from the peripheral surface of the whetstone 90. This 
does not pose any problem when grinding the needle 
material for a long suture needle, but poses a problem 
when grinding the needle material for a short suture 
needle used for an operation on the eye. When the 
needle material is short, the chucking jig 91 must be 
located at a position shown in phantom in Fig. 14 ; 
however, at this position, the chucking jig 91 interferes 
with the whetstone 90. Therefore, actually, the chuck- 
ing jig 91 is located at the position shown in a solid line 
in Fig. 14, and the needle material must be much 
longer than the resultant suture needle. This requires 
an additional step of cutting the needle material after 
the grinding step, and after this cutting step, the step 
of forming the mounting hole in the end of the needle 
material must be carried out. During the cutting step 
and the mounting hole-forming step, it is possible that 
the cutting edges of a number of the needle materials 
are contacted with one another, and are damaged, 
which adversely affects the piercing properties of the 
cutting edges. And besides, because of the additional 
cutting step and the waste of the material, the man- 
ufacturing cost of the suture needle is increased. 

In another conventional method of grinding a nee- 
dle material, there is used an endless abrasive sheet 
extended diaround a pair of rollers. This abrasive 
sheet comprises a sheet-like substrate made of a 
cloth, paper or the like, and abrasive grains bonded to 
an outer surface of this substrate. In this method, a 
chucking jig disposed near the peripheral surface of 
the roller chucks the needle material in such a manner 
that the needle material is oriented in parallel relation 
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to the direction of movement of the abrasive sheet, 
and the needle material is pressed against that por- 
tion of the abrasive sheet extended around the 
peripheral surface of the roller. This method also has 
the above-mentioned disadvantages (1) to (4). 

Japanese Utility Model Publication IMos. 
39420/76, 41208/80 and 6885/86 and Japanese Laid- 
Open (Kokai) Utility Model Application No. 135106/85 
disclose suture needles having a number of grinding 
traces extending perpendicular to a cutting edge. 
Although a grinding method is not clearly described in 
these prior art publications, it is clear that abrasive 
grains move in a direction perpendicular to the cutting 
edge to effect the grinding. In such method, the above 
disadvantage (2) is overcome, and probably the 
above disadvantage (4) may be overcome. However, 
the above disadvantage (3) is not overcome, and 
instead of the above disadvantage (1), another disad- 
vantage is encountered. More specifically, large burrs 
are formed on one of the two cutting edges which is 
disposed at a downstream side of the direction of 
movement of the abrasive grains, the two cutting 
edges being formed respectively on the lateral edges 
of the ground surface of the needle material. Burrs are 
hardly formed on the other cutting edge disposed at 
an upstream side of the direction of movement of the 
abrasive grains. Therefore, when the burrs on the 
downstream-side cutting edge are removed by elec- 
tropolishing or chemical polishing after the grinding 
operation, the upstream-side cutting edge becomes 
rounded. This adversely affects the piercing proper- 
ties of the resultant suture needle. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a suture 
needle and a method of and apparatus for grinding a 
needle material for a suture needle, which overcome 
the above deficiencies of the prior art. 

According to one aspect of the present invention, 
there is provided a method of grinding an elongated 
material for a suture needle, comprising the step of 
reciprocally moving an elongated grinding tape in 
opposite directions along a longitudinal direction of 
the grinding tape, and simultaneously pressing the 
material against one face of the grinding tape in such 
a manner that the material is disposed substantially 
perpendicular to the longitudinal direction of the grind- 
ing tape and is inclined relative to the one face of the 
grinding tape, thereby grinding the material to form a 
cutting edge on at least one side edge of a grounded 
surface of the material. 

According to another aspect of the present inven- 
tion, there is provided a grinding apparatus for grind- 
ing an elongated material for a suture needle, 
comprising : 

(a) an elongated grinding tape ; 

(b) reciprocal movement means for reciprocally 



moving the grinding tape in opposite directions 
along a longitudinal direction of the grinding tape; 

(c) transfer means for transferring the grinding 
tape in a predetermined one of the opposite direc- 

5 tions along the longitudinal direction of the grind- 

ing tape ; 

(d) a tape support member having a support sur- 
face along which the grinding tape is moved ; and 

(e) pressing means for supporting the material in 
10 such a manner that the material is disposed sub- 
stantially perpendicular to the longitudinal direc- 
tion of the grinding tape and is inclined relative to 
one face of the grinding tape, and for pressing the 
material against that portion of the grinding tape 

15 positioned at the support surface of the tape sup- 

port member. 

According to a further aspect of the present inven- 
tion, there is provided a suture needle including at 
least one ground surface, and a pair of cutting edges 

20 formed respectively on opposite side edges of the 
ground surface, the ground surface having grinding 
traces which extend perpendicular to an axis of the 
suture needle, and the pair of cutting edges being in 
generally the same condition from a microscopic point 

25 of view. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic front-elevational view of a 
30 grinding apparatus according to the present 
invention ; 

Fig. 2 is a plan view of a reciprocal movement 

mechanism of the grinding apparatus ; 

Fig. 3 is an enlarged transverse cross-sectional 

35 view of a grinding tape ; 

Fig.4 is a plane view showing pressing mechan- 
isms of the grinding apparatus arranged adjacent 
to the lateral sides of the grinding tape ; 
Fig. 5 is a side-elevational view of the pressing 

40 mechanism of the grinding apparatus ; 

Fig. 6 is a side-elevational view of a needle ma- 
terial with its diameter shown as exaggerated ; 
Fig. 7 is a side-elevational view of the ground nee- 
dle material with its diameter shown as exagger- 

45 ated ; 

Fig. 8 is a perspective view of a suture needle 
obtained by bending the ground needle material; 
Fig. 9 is a cross-sectional view taken along the 
line IX-IXofFig.8; 

50 Fig . 1 0 is a fragmentary, enlarged view of the nee- 

dle material, showing a cutting edge and grinding 
traces formed on the needle material ; 
Figs. 11 to 13 are cross-sectional views of mod- 
ified suture needles, respectively ; and 

55 Fig. 14 is a front-elevational view of a conven- 

tional grinding apparatus. 



4 



5 



EP 0 437 329 A2 



6 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

Before describing a method and apparatus of the 
present invention, a suture needle {final product) 200 5 
wiii be first described in detail with reference to Figs. 
8 to 10. The suture needle 200 includes a first portion 
(proximal end portion) 200a of a circular cross-sec- 
tion, an intermediate portion 200b of a triangular 
cross-section generally uniform in cross-sectional 10 
area throughout an entire length of the intermediate 
portion 200b, and a third portion (distal end portion) 
200c of a triangular cross-section decreasing in 
cross-sectional area progressively toward a pointed 
end 201 . The third portion 200c has three ground sur- 15 
faces, and each of the three edges of the third portion 
200c defined by intersection between respective two 
adjacent ground surfaces serves as a sharp cutting 
edge 202. The three cutting edges 202 are generally 
in the same condition from a microscopic point of 20 
view. Namely, when burrs remain on the three cutting 
edges in an allowable range, the burrs on these cut- 
ting edges are of generally the same size. And, when 
the burrs hardly remain on the three cutting eges 202, 
these cutting edges are rounded to generally the 25 
same level. Grinding traces 204 are formed on each 
of the three ground surfaces, and extend in a direction 
perpendicular to the axis of the suture needle, and 
intersect the cutting edge 202. A blind hole is formed 
in the proximal end face of the suture needle 200, and so 
extends along the axis of the proximal end portion 
200a. This blind hole serves as a mounting hole 203 
to which a gut is to be attached. The mounting hole 
may be constituted by a through hole extending trans- 
versely through the proximal end portion 200a per- 35 
pendiculariy to the axis thereof. 

The dimensions of the suture needle 200 are not 
particularly limited. For example, the suture needle 
200 has a thickness of 0.07 to 1.4 mm and a length of 
4 to 65 mm, and particularly the suture needle 200 has AO 
a thickness of 0.07 to 0.33 mm and a length of 4 to 13 
mm for use in an operation on the eye. 

Next, the method of producing the suture needle 
200 will now be described briefly. A wire of austenite- 
type stainless steel is cold-drawn into a required 45 
diameter, with its crystals converted into a fiber-like 
structure. Then, this wire is cut into a predetermined 
length to provide an elongated stock of a circular 
cross-section. The stock may be composed of mar- 
tensite-type stainless steel or precipitation hardened 50 
stainless steel. 

The length of the stock is generally equal to the 
length of the suture needle (final product) 200. More 
exactly, the stock is slightly longer than the suture 
needle 200, taking into consideration that amount of 55 
the stock to be lost by the grinding. A laser beam or 
an electron beam is applied to the proximal end face 
of the stock to form the mounting hole 203 (Fig. 6). 



Then, the stock is shaped by pressing into a triangular 
cross-section except for that portion thereof (proximal 
end portion) where the mounting hole 203 is formed, 
thereby providing a needle material 100 shown in Fig. 
6. The pressed portion of the needle material 100 has 
a generally uniform triangular cross-sectional area 
throughout an entire length thereof. For obtaining the 
needle material 100, the stock may be shaped into a 
triangular cross-section by grinding, instead of the 
pressing. Then, the three side faces of the cross-sec- 
tionalfy triangular portion are ground according to the 
procedure of the present invention, thereby forming 
the three cutting edges 202 and the pointed end 201. 
Then, the needle material 100 thus ground is bent to 
thereby obtain the suture needle 200 as shown in Fig. 
8. Thereafter, the suture needle 200 is subjected to a 
heat treatment, and then to chemical polishing and/or 
electropolishing. 

Next, a grinding apparatus for grinding the needle 
material 100 in the above-mentioned manner will now 
be described with reference to Figs. 1 to 5. As shown 
in Fig. 1 , this grinding apparatus includes a long grind- 
ing tape 10. As shown in Fig. 3, the grinding tape 10 
comprises a tape body or substrate 10a made of a 
synthetic resin such as polyester. The tape body 10a 
has a thickness of 0.1 mm, a width of 12.5 to 25 mm, 
and a length of 50 to 100 m, and has a smooth sur- 
face. Abrasive grains 10b, such as white alundum 
(WA), having a grain size of 1300 to 2000 (4 to 14 
micron meter diameter) are bonded to the smooth sur- 
face of the tape body 10a by a binder resin (not 
shown). The size of the abrasive grains 10b of the 
grinding tape 10 is determined, taking into consider- 
ation the grinding of the needle material 100 tor the 
suture needle 200 of a very small size. The tape body 
10a may be made of metal. 

The grinding apparatus comprises a pair of guide 
rollers 11 and 12 for guiding the grinding tape 10, 
these guide rollers being spaced from each other in a 
horizontal direction. The guide rollers 11 and 12 are 
disposed at the same height or level, and a back-up 
plate 13 serving as a tape support member is horizon- 
tally provided between the guide rollers 11 and 12. A 
flat upper surface of the back-up plate 13 is disposed 
at the same height as those of the top points of the 
guide rollers 1 1 and 12, and serves as a support sur- 
face 13a. Part of the grinding tape 10 is placed on the 
back-up plate 13 in such a manner that the surface of 
that part having the abrasive grains 10a bonded 
thereto is directed upwardly. 

The grinding apparatus is provided with a transfer 
mechanism 20 for transferring or moving that portion 
of the grinding tape 1 0, which is placed on the back-up 
plate 1 3, in a predetermined direction (that is, in a left- 
hand direction in Fig. 1) which is the longitudinal direc- 
tion of the grinding tape 10. The transfer mechanism 
20 comprises a feed mechanism 21 for feeding a fresh 
or unused grinding tape 1 0 to the backup plate 1 3, and 
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a take-up mechanism 22 for taking up or winding up 
the used grinding tape 10 fed from the back-up plate 
13. More specifically, the feed mechanism 21 is dis- 
posed below the guide roller 11, and comprises a 
motor 21a with a brake, and a rotation shaft 21 b con- 5 
nected to the motor 21a. The take-up mechanism 22 
is disposed below the other guide roller 12, and com- 
prises a motor 22a with a brake, and a rotation shaft 
22b connected to the motor 22a. A roll 10a of the 
unused grinding tape 10 is supported on the rotation 10 
shaft 21b of the feed mechanism 21. A roller 10b of 
the used grinding tape 10 is supported on the rotation 
shaft 22b of the tape-up mechanism 22. The grinding 
tape 10 is fed or supplied from the roll 10a is passed 
past the guide roller 1 1 , the back-up plate 1 3 and the 15 
guide roller 12, and reaches the roll 10b. 

The grinding apparatus is provided with a recip- 
rocal movement mechanism 30 for reciprocally mov- 
ing that portion of the grinding tape 1 0, which is placed 
on the back-up plate 13, in opposite directions (i.e., 20 
the right and left directions in Fig. 1 ) along the longitu- 
dinal direction of the grinding tape 1 0. The reciprocal 
movement mechanism 30 comprises four rollers 31, 
32, 33 and 34 rotatable at their respective fixed posi- 
tions, two floating rollers 35 and 36, a support plate 25 
(roller support member) 37, and a motor (drive 
means) 38. The rollers 31 and 32 are disposed be- 
tween the guide roller 1 1 and the feed mechanism 21 , 
and are vertically spaced from each other in opposed 
relation to each other. The rollers 33 and 34 are dis- 30 
posed between the guide roller 12 and the take-up 
mechanism 22, and are spaced from each other in 
opposed relation to each other. The support plate 37 
is disposed between the opposed rollers 31 and 32 
and the opposed rollers 33 and 34, and is supported 35 
by guide means (not shown) so as to reciprocally 
move in the right and left directions in Fig. 1 . The sup- 
port plate 37 is horizontally disposed at a level lower 
than the rollers 31 and 33 but higher than the rollers 
32 and 34. A pair of notches 37a are formed respect- 40 
ively in the opposite ends of the su pport plate 37, and 
the floating rollers 35 and 36 are rotatably received in 
these notches 37a, respectively. That portion of the 
grinding tape 10 extending between the feed mechan- 
ism 21 and the guide roller 1 1 is extended around the 45 
roller 32, the floating roller 35 and the roller 31. That 
portion of the grinding tape 10 extending between the 
guide roller 12 and the tape-up mechanism 22 is 
extended around the roller 33, the floating roller 36 
and the roller 34. so 

The motor 38 is disposed below the support plate 
37. As best shown in Fig. 2, the motor 38 has an 
eccentric shaft 38a, and the eccentric shaft 38a is 
received in a slot 37b which is formed through the sup- 
port plate 37 and extends in the direction of the width 55 
of the support plate 37. When the motor 38 is rotated, 
the support plate 37 is reciprocally moved in the right 
and left directions. When the support plate 37 is 



moved in the left direction, that portion of the grinding 
tape 10 extended around the right floating roller 35 is 
pulled whereas that portion of the grinding tape 10 
extended around the left floating roller 36 is loosened, 
so that the grinding tape 10 on the back-up plate 13 
is moved in the right direction. In contrast, when the 
support plate 37 is moved in the right direction, the 
grinding tape 10 on the back-up plate 13 is moved in 
the left direction. Thus, the rotation of the motor 38 
causes the grinding tape 10 to reciprocally move on 
the back-up plate 13 in the right and left directions. 

The reciprocal movement mechanism may use a 
cam operatively associated with the motor so as to 
reciprocally move the support plate, and also may use 
any suitable drive means, such as a pneumatic cylin- 
der, a hydraulic cylinder and a solenoid, instead of the 
motor. 

The grinding apparatus is provided with a tension 
mechanism 40. The tension mechanism 40 com- 
prises a roller 41 rotatable at a fixed position, a float- 
ing roller 42, and a spring 43 urging the floating roller 
42. The spring 43 applies a predetermined tension to 
the grinding tape 10 extended around the roller 41 and 
the floating roller 42. 

As shown in Fig. 4, the grinding apparatus is pro- 
vided with six pressing mechanisms 50 for supporting 
the needle materials 100 and pressing them against 
the grinding tape 10. More specifically, three pressing 
mechanisms 50 are disposed adjacent to one lateral 
side of the back-up plate 13, and are juxtaposed in the 
longitudinal direction of the back-up plate 13. Simi- 
larly, the other three pressing mechanism 50 are dis- 
posed adjacent to the other lateral side of the back-up 
plate 13, and are juxtaposed in the longitudinal direc- 
tion of the back-up plate 13. 

As shown in Fig. 5, each of the pressing mechan- 
isms 50 includes a chucking jig 51. The chucking jig 
51 has a support rod 52 of a generally square cross- 
section extending in the longitudinal direction of the 
grinding tape 10, that is, in a direction perpendicular 
to the sheet of Fig. 5. The support rod 52 has a 
through hole 52a extending in the direction of the 
width thereof. A first plate 53 is passed through the 
through hole 52a of the support rod 52. Fixing screws 

54 are threaded into one end face of the support rod 
52, and are held at their distal ends against the side 
edge of the first plate 53, thereby fixing the first plate 
53 relative to the support rod 52. A pair of guide mem- 
bers 55 (only one of which is shown in Fig. 5) are 
fixedly mounted on the upper surface of the first plate 
53 at the rear end portion thereof, the guide members 

55 being spaced from each other in a direction per- 
pendicular to the sheet of Fig. 5. A sliding rod 56 is 
supported by the pair of guide members 55 so as to 
be rotated about its axis and also to slide in a direction 
perpendicular to the sheet of Fig. 5. A second plate 57 
is fixedly secured at its rear end to the sliding rod 56. 
A pair of elongated elastic members 53a and 57a 
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each made of rubber or the like and extending in a 
direction perpendicular to the sheet of Fig. 5 are sec- 
ured respectively to the opposed surfaces of the first 
and second plates 53 and 57 at the distal end portions 
of these plates 53 and 57. A number of needle mate- 5 
rials 100 are held between the elastic members 53a 
and 57a in such a manner that the needle materials 
1 00 are disposed perpendicular to the grinding tape 
1 0 and are juxtaposed in the longitudinal direction of 
the grinding tape 10. Each of the needle materials 1 00 ic 
is chucked or clamped by the elastic members 53a 
and 57a at one end portion thereof having the mount- 
ing hole 203. 

Means for imparting, to the first and second plates 
53 and 57, the force for clamping the needle materials 15 
100 is as follows. A through hole 53b is formed 
through the intermediate portion of the first plate 53, 
and an elongated through hole 57b extending in a 
direction perpendicular to the sheet of Fig. 5 is formed 
through the second plate 57. A bolt 58 is passed 20 
through the two through holes 53b and 57b. A nut 58a 
is threaded on the lower end of the bolt 58, and a lever 
59 is pivotally connected at one end thereof to the 
upper end of the bolt 58 through a pin 58b. The lever 
59 has a cam surface 59a formed at the one end 25 
thereof, and the cam surface 59a is held in contact 
with a washer 60 placed on the upper surface of the 
second plate 57. When the lever 59 is erected, that is, 
moved away from the second plate 57, the force 
applied by the first and second plates 53 and 57 to 30 
clamp the needle materials 100 is released. When the 
lever 59 is laid down, that is, moved toward the sec- 
ond plate 57, the first and second plates 53 and 57 is 
supplied with the force for clamping the needle mate- 
rials 100 because of the cam action achieved by the 35 
cooperation of the cam surface 59a with the washer 
60. 

A pair of blocks 61 (only one of which is shown in 
Fig. 5) are mounted on the upper surface of the first 
plate 53, and are spaced from each other in a direction 40 
perpendicular to the sheet of Fig. 5. A pair of set 
screws 62 are threaded respectively through the pair 
of blocks 61 from the outer sides of the blocks 61 to 
extend in a direction perpendicular to the sheet of Fig. 
5. The distal ends of the two set screws 62 are held 45 
respectively against the lateral sides of the second 
plate 57, thereby positioning the second plate 57 rela- 
tive to the first plate 53 in a direction perpendicular to 
the sheet of Fig. 5. 

The pressing mechanism 50 further comprises a so 
jig support member 65 angulariy-movably supporting 
the chucking jig 51. The jig support member 65 
includes a slider portion 65a supported by a guide 
member 70 so as to slide vertically (Le. t upward and 
downward), and a support portion 65b extending 55 
upwardly from the upper end face of the slider portion 
65a, and is tapered away from the slider portion 65a. 
The upper edge of the support portion 65b serves as 



a knife edge 65c extending in the longitudinal direc- 
tion of the grinding tape 10, that is, in a direction per- 
pendicular to the sheet of Fig. 5. The knife edge 65c 
is received in a groove 52b of a triangular cross-sec- 
tion formed in the lower surface of the support rod 52 
and extending in a direction perpendicular to the 
sheet of Fig. 5. With this arrangement, the chucking 
jig 51 is supported on the jig support member 65 in 
such a manner that the chucking jig 51 is angularly 
movable about the knife edge 65c serving as a ful- 
crum. Due to an angular moment caused by the 
weight of the chucking jig 51, the chucking jig 51 urges 
the needle materials 100 against the grinding tape 1 0 
placed on the back-up plate 13. By loosening the fix- 
ing screws 54, the position of the first plate 53 relative 
to the support rod 52 can be adjusted. By this adjust- 
ment, the angular moment of the chucking jig 51 and 
hence the force of pressing of the needle materials 
100 against the grinding tape 10 can be adjusted. In 
this embodiment, the pressing force is, for example, 

eg. 

The lower end of the slider portion 65a of the jig 
support member 65 is connected to an eccentric shaft 
75a of a motor (drive means) 75 via a link 76. When 
the motor 75 rotates, the jig support member 65 is 
moved upward and downward, so that the fulcrum of 
angular movement of the chucking jig 51 is moved 
upward and downward, thereby changing the angle of 
inclination of the needle materials 100 relative to the 
grinding tape 10 in a predetermined range. 

The grinding of the needle materials 100 by the 
above grinding apparatus will now be described in 
detail. As described above, a number of needle mate- 
rials 1 00 are chucked by each chucking jig 51 in such 
a manner that the needle materials 100 are juxtap- 
osed in the longitudinal direction of the grinding tape 
10. Each of the thus chucked needle materials 100 is 
disposed perpendicular to the grinding tape 10 and is 
inclined with respect to the surface of the grinding 
tape 10, and one side face of the cross-section ally 
triangular portion of the needle material 100 is posi- 
tioned on the grinding tape 10. Preferably, that portion 
of the needle material 100 to be chucked should be 
about one-third (1/3) of the overall length thereof. The 
needle materials 1 00 are pressed against the grinding 
tape 1 0 due to the weight of the chucking jig 51. At this 
time, the force of pressing of the needle materials 1 00 
is received by the back-up plate 13, and therefore the 
grinding tape 10 is not flexed downwardly. 

In this condition, the motor 38 of the reciprocal 
movement mechanism 30 is driven, so that the grind- 
ing tape 1 0 is reciprocally moved on the back-up plate 
13 in the right and left directions (Fig. 1), thereby 
grinding the needle materials 100. During this recip- 
rocal movement of the grinding tape 10, the motors 
21a and 22a are stopped against rotation by their res- 
pective brakes. For example, this reciprocal move- 
ment is effected several hundreds to several 
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thousands times at a speed of 40 m/min. over a dist- 
ance of 10 mm. 

When the needle materials 100 are to be thus 
ground by reciprocally moving the grinding tape 10 
over the distance of 1 0 mm, it is preferred that the nee- 
dle materials 100 supported by the chucking jig 51 
should be spaced a distance of at least 10 mm from 
one another. By doing so, those regions of the grind- 
ing tape 10 for grinding the needle materials 100, re- 
spectively, do not overlap one another. However, this 
is not imperative, and such grinding regions may over- 
lap one another. 

After the above grinding operation is finished, the 
motors 21a and 22a are rotated at the same speed, 
so that the unused grinding tape 10 is supplied from 
the roll 10a, and also the used grinding tape 10 is 
wound on the roll 10b, thereby providing an unused 
portion of the grinding tape 10 onto the support sur- 
face 13a of the back-up plate 13. The speed of trans- 
fer of the grinding tape 10 is, for example, 5 mm/min. 
Before or after the transfer of the grinding tape 10, the 
lever 59 of the chucking jig 51 is angularly moved 
upward to weaken the force of clamping of the needle 
materials 100 applied by the first and second plates 
53 and 57, and then the pair of set screws 62 are 
adjusted to move the second plate 57 relative to the 
first plate 53 in a direction perpendicular to the sheet 
of Fig. 5, thereby rolling the needle materials 100 
through 120°. Thereafter, the lever 59 is laid down to 
again clamp the needle materials 100. 

By repeating the above procedure, the three side 
faces of the distal end portion of each needle material 
100 are ground to form the three cutting edges 202. 
As described above, the needle materials 100 are 
kept inclined relative to the grinding tape 10, and in 
this condition are ground by the grinding tape 10. 
Therefore, the distal end of each needle material 100 
which is not chucked by the chucking jig 51 is pointed 
as at 201 in Fig. 7. 

During the above grinding operation, the motor 75 
of the pressing mechanism 50 is rotated to recipro- 
cally move the knife edge 65c upward and downward 
once or a plurality of times, so that the angle of the 
needle materials 100 relative to the grinding tape 10 
is changed in the predetermined range. As a result, 
the angle of the cutting edge 202 relative to the axis 
of the needle material 100 increases progressively 
toward the pointed end 201. 

Since the needle materials 1 00 are ground by the 
grinding tape 10 reciprocally moved several hundreds 
to several thousands times, the grinding tape 10 can 
be used without any waste. And besides, after this 
grinding operation, the next unused portion of the 
grinding tape 10 is supplied to the back-plate 13, and 
therefore the grinding can always be effected under 
the same condition. The grinding condition does not 
vary from one side face of the needie material 100 to 
another, and hence the grinding condition does not 



vary from one needle material 100 to another. There- 
fore, a required grinding condition can be obtained 
stably. 

The tape body 1 0a of the grinding tape 1 0 is made 

5 of a synthetic resin or metal, and has the smooth sur- 
face, and the abrasive grains 1 0b are very fine. There- 
fore, even when the grinding tape 10 is reciprocally 
moved in the direction perpendicular to the axes of the 
needle materials 1 00, a stable grinding can be carried 

10 out. If an abrasive sheet having a substrate made of 
cloth or paper, part of the fibers of the substrate are 
projected from the surface of the abrasive sheet and 
such projected fibers would tend to interfere with the 
needle material 100 during the reciprocal movement 

15 of the abrasive sheet, so that a large bending moment 
would be applied to the needle material 100. In this 
embodiment, however, such disadvantage is not 
encountered. 

As shown in Fig. 5, since the distal end of the 

20 chucking jig 51 can be located close to the lateral 
edges of the backup plate 13 and the grinding tape 10, 
the needle materials 100 can be ground even if the 
needle materials 100 are short. Therefore, as des- 
cribed above, the needle material 100 can be gener- 

25 ally equal in length to the suture needle (final product) 
200. Therefore, the needle material 100 does not 
need to be cut after the grinding operation, and dam- 
age to the cutting edges caused by the contact be- 
tween the cutting edges of the needle materials 100 

30 during such cutting operation can be prevented. 
Moreover, the formation of the mounting hole 203 can 
be made before the grinding operation, which also 
can reduce the possibility of damage to the cutting 
edges. 

35 In this embodiment, the six chucking jigs 51 are 

arranged on the lateral sides of the grinding tape 10, 
and each of these chucking jigs 51 supports a number 
of needle materials 100. Therefore, the grinding oper- 
ation can be carried out efficiently. 

40 Next, the most important advantages provided by 

reciprocally moving the grinding tape 10 in the direc- 
tion perpendicular to the needle materials 100 will 
now be described. Each time each side face of the 
needle material 100 is ground, one ground surface is 

45 obtained. Two cutting edges 202 are formed respect- 
ively on both side edges of the ground surface. When 
the grinding tape 10 is moved in one direction, one of 
these two cutting edges 202 is disposed at a down- 
stream side of this grinding direction, so that burrs are 

50 liable to be formed on the one cutting edge 202 ; how- 
ever, subsequently, when the grinding tape 10 is 
moved in the opposite direction, the one cutting edge 
is disposed at an upstream side of the grinding direc- 
tion so that part of the burrs can be removed. There- 

55 fore, the burrs formed on each cutting edge 202 can 
be reduced in size, and such burrs can be easily 
removed when carrying out the chemical polishing or 
the electropolishing after the grinding operation. 
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Moreover, the two cutting edges 202, formed respect- 
ively on both side edges of the ground surface, have 
respective burrs of generally the same size, and 
therefore there is not encountered a disadvantage 
that one of the two cutting edges 202 would be exces- s 
sively rounded when removing the burrs on the two 
cutting edges 202 by the chemical polishing or the 
electropolishing. As a result, the cutting edges 202 
can be sharpened to generally the same level. If the 
cutting edges 202 are rounded when the burrs are 10 
removed by the electropolishing or the chemical pol- 
ishing, such roundness is allowable if it is in an allow- 
able range. Also, if the burrs still remain after the 
electropolishing and the chemical polishing, such 
burrs are allowable if it is in an allowable range. In this is 
case, the burrs formed on the two cutting edges for- 
med respectively on the opposite side edges of the 
ground surface are of generally the same size. 

Further, since the grinding tape 10 is reciprocally 
moved in the direction perpendicular to the needle 20 
materials 100, the heat produced by the grinding is 
prevented from concentrating on the pointed end 201 
of each needle material 100, thus preventing the sof- 
tening of the pointed end 201. 

The suture needles (hereinafter referred to as 25 
"suture needles of the invention") produced according 
to the above grinding method of the invention were 
compared with suture needles (hereinafter referred to 
as "conventional suture needles") produced accord- 
ing to the conventional grinding method shown in Fig. 30 
14, in order to determine their piercing properties. 
Results obtained are as follows. When the compared 
suture needles had a thickness of 0.14 mm and a 
length of 5.5 mm, the conventional suture needle 
required a piercing force of 1 0 to 1 2 g whereas the sut- 35 
ure needle of the invention only required a piercing 
force of 6 g. When the compared suture needles had 
a thickness of 0.2 mm and a length of 6.5 mm, the con- 
ventional suture needle required a piercing force of 10 
to 15 g whereas the suture needle of the invention 40 
only required a piercing force of 8 g. 

The present invention is not to be restricted to the 
above embodiment, and various modifications can be 
made. For example, the motors 21a and 22a may be 
driven to transfer the grinding tape 1 0 in one direction 45 
at a low speed as described above, while the grinding 
tape 10 is being reciprocally moved at a high speed 
by the motor 38. 

For grinding one side face of each needle ma- 
terial 100, the reciprocal movement of the grinding so 
tape 10 and the transfer of the grinding tape 10 in one 
direction may be alternately repeated several times. 

The back-up plate 13 may be so modified that its 
support surface 1 3a has a concavely-curved shape as 
viewed from the end of the back-up plate 13, in which 55 
case the back-up plate 13 has a uniform cross-section 
throughout the entire length thereof. In this case, the 
needle material 100 can have the curved cutting 



edges corresponding in shape to the curved support 
surface 13a of the back-up plate 13 without the need 
for reciprocally moving vertically the fulcrum of angu- 
lar movement of the chucking jig 51 . Where the sup- 
port surface 13a of the back-up plate 13 is flat, the 
cutting edges of the needle material 100 are straight 
if the fulcrum of angular movement of the chucking jig 
51 is not moved. 

A plurality of the back-up plates may be provided 
depending on the number of the pressing mechan- 
isms. In this case, a mechanism for adjusting the 
orientation of each back-up plate may be provided. 

The step of forming the mounting hole in each 
needle material may be carried out after the grinding 
operation. 

The present invention is not limited to the case of 
producing the suture needles of a triangular cross- 
section, but can be applied to the case of producing 
similar suture needles having any other suitable 
cross-section. For example, the suture needle may 
have the intermediate portion of a trapezoidal cross- 
section (Fig. 1 1), and the distal end portion of a trian- 
gular cross-section. In this case, the intermediate 
portion has two cutting edges 202A and 202A which 
are continuous respectively with two of the three cut- 
ting edges formed on the distal end portion. Also, the 
the suture needle may have a rhombic cross-section 
(Fig. 12) in which case two acute edges serve as cut- 
ting edges 202B and 2028, respectively. Further, the 
suture needle may a flatten hexagonal cross-section 
(Fig. 13) in which case two acute edges serve as cut- 
ting edges 202C and 202C, respectively. 



Claims 

1. A method of grinding an elongated material for a 
suture needle, CHARACTERIZED by the step of 
reciprocally moving an elongated grinding tape 
(10) in opposite directions along a longitudinal 
direction of said grinding tape, and simul- 
taneously pressing the material (1 00) against one 
face of said grinding tape in such a manner that 
the material is disposed substantially perpendicu- 
lar to the longitudinal direction of said grinding 
tape and is inclined relative to said one face of 
said grinding tape, thereby grinding the material 
to form a cutting edge (202) on at least one side 
edge of a grounded surface of the material. 

2. A method according to claim 1 , further comprising 
the step of moving said grinding tape (1 0) in a pre- 
determined one of the opposite directions along 
the longitudinal direction of said grinding tape 
after the grinding of the material (100) by the 
reciprocal movement of said grinding tape is 
finished. 



9 



15 



EP0 437 329 A2 



16 



3. A method according to claim 1, further comprising 
the step of moving said grinding tape (1 0) in a pre- 
determined one of the opposite directions along 
the longitudinal direction of said grinding tape 
during the grinding of the material (100) by the 5 
reciprocal movement of said grinding tape, the 
speed of movement of said grinding tape in said 

one predetermined direction being lower than the 
speed of reciprocal movement of said grinding 
tape. 10 

4. A method according to claim 1 , further comprising 
the step of varying the angle of inclination of said 
material (100} relative to said one face of said 
grinding tape (10) in a predetermined range dur- is 
ing the grinding of the material by the reciprocal 
movement of said grinding tape. 

5. A grinding apparatus for grinding an elongated 
material for a suture needle, CHARACTERIZED 20 
by the provision of : 

(a) an elongated grinding tape (10) ; 

(b) reciprocal movement means (30) for recip- 
rocally moving said grinding tape in opposite 
directions along a longitudinal direction of said 25 
grinding tape ; 

(c) transfer means (20) for transferring said 
grinding tape in a predetermined one of the 
opposite directions along the longitudinal 
direction of said grinding tape ; 30 

(d) a tape support member (13) having a sup- 
port surface (13a) along which said grinding 
tape is moved ; and 

(e) pressing means (50) for supporting the 
material in such a manner that the material 35 
(100) is disposed substantially perpendicular 

to the longitudinal direction of said grinding 
tape and is inclined relative to one face of said 
grinding tape, and for pressing the materia! 
against that portion of said grinding tape posi- 40 
tioned at said support surface of said tape 
support member. 

6. A grinding apparatus according to claim 5, in 
which said grinding tape (10) comprises a tape 45 
body (10a) of a synthetic resin having a smooth 
surface, and abrasive grains (1 Ob) bonded to said 
smooth surface of said tape body. 

7. A grinding apparatus according to claim 5, in so 
which said grinding tape (10) comprises a tape 
body (1 0a) of metal having a smooth surface, and 
abrasive grains (10b) bonded to said smooth sur- 
face of said tape body. 

55 

8. A grinding apparatus according to claim 5, in 
which said transfer means (20) comprises feed 
means (21) for supporting a roll (10a) of said 



grinding tape (10) and for feeding said grinding 
tape from said roll to said tape support member 
(13), and take-up means (22) for taking up that 
portion of said grinding tape which has been used 
to grind the material (100). 

9. A grinding apparatus according to claim 8, in 
which said reciprocal movement means (30) 
comprises a first floating roller (35) around which 
that portion of said grinding tape (10) lying be- 
tween said feed means (21) and said tape support 
member (1 3) is extended, a second floating roller 
(36) around which that portion of said grinding 
tape lying between said tape support member 
and said take-up means (22) is extended, a roller 
support member (37) supporting said first and 
second floating rollers, and drive means (38) for 
reciprocally moving said roller support member. 

10. A grinding apparatus according to claim 5, in 
which said pressing means (50) comprises a 
chucking jig (51) disposed adjacent to one lateral 
edge of that portion of said grinding tape (10) 
positioned atsaid tape support member (13), said 
chucking jig being operable to chuck a plurality of 
the materials (100) in such a manner that said 
materials are juxtaposed in the longitudinal direc- 
tion of said grinding tape. 

11. A grinding apparatus according to claim 10, in 
which a plurality of said chucking jigs (51 ) are dis- 
posed adjacent to each of the lateral edges of 
said grinding tape (10), and are arranged in the 
longitudinal direction of said grinding tape. 

12. A grinding apparatus according to claim 10, in 
which said chucking jig (51) is supported by a jig 
support member (65) so as to be angularly moved 
about an axis extending parallel to the longitudi- 
nal direction of said grinding tape (10), the weight 
of said chucking jig producing a force for pressing 
the material (100) against said grinding tape. 

13. A grinding apparatus according to claim 12, in 
which there is provided a drive device (75) for 
reciprocally moving said jig support member (65) 
upward and downward so as to change the angle 
of inclination of the material (100), chucked by 
said chucking jig (51), relative to said one face of 
said grinding tape (10). 

14. A suture needle including at least one ground sur- 
face, and a pair of cutting edges formed respect- 
ively on opposite side edges of said ground 
surface, said ground surface having grinding 
traces, CHARACTERIZED in that said grinding 
traces (204) extend perpendicular to an axis of 
said suture needle (200), and that said pair of cut- 
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ting edges (202) are in generally the same condi- 
tion from a microscopic point of view. 

15. A suture needle according to claim 14, in which 
burrs formed on said pair of cutting edges (202) 5 
are of generally the same size in a predetermined 
range. 

16. A suture needle according to claim 14, in which 

said pair of cutting edges (202) are rounded to 10 
generally the same level in a predetermined 
range. 
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